ABSTRACT. This study aims to determine the relationship between C-reactive protein levels and obstructive sleep apnea syndrome (OSAS). We recruited 30 OSAS patients into the observation group (OSAS group), and subdivided them into mild, moderate and severe groups according to the apnea hypopnea index. In addition, 20 normal individuals were included in the control group. Plasma CRP levels of two groups were measured. As compared with the control group, the CRP levels in the OSAS group were significantly increased (P < 0.05). ANOVA showed that CRP levels in the three subgroups differ; statistically significant differences between the mild and severe OSA patients were observed (P < 0.05). It was hypothesized that OSAS patients show elevated serum CRP levels, and that serum CRP levels are associated with OSAS severity.
INTRODUCTION
Obstructive sleep apnea (OSA) is the most common type of sleep apnea, and is caused by partial or complete occlusion of the upper airway during sleep. This is accompanied by hypoxia and repeated awareness-induced sleep discontinuities. Clinical studies have shown that OSA is related to the occurrence and development of atherosclerosis and cardiovascular diseases (Young et al., 2008) , which are risk factors for hypertension, abdominal obesity, dyslipidemia, and other diseases. Related studies have also demonstrated that OSA is associated with insulin resistance (also known as abnormal glucose tolerance) (Yaggi et al., 2006) . It has been suggested that even slight increases in the apnea hypopnea index (AHI) can lead to increased mortality from cardiovascular diseases. Inflammation plays a fundamental role in the development of atherosclerosis (Kokturk et al., 2005) , and the inflammatory marker C-reactive protein (CRP) can be used as a potential diagnostic tool. Studies have demonstrated that in individuals with coronary atherosclerotic heart disease, diabetes, hypertension, or those that smoke, CRP is increased as compared with that in the normal population. In this study, the relationship between plasma CRP levels and OSA was investigated.
MATERIAL AND METHODS

General information
OSAS patients admitted into the Respiratory Medicine of Xinxiang Central Hospital from December 2011 to December 2012 were diagnosed with polysomnographic monitoring, which was in line with the relevant standards developed by the RDDS group of Chinese Thoracic Society in 2011 (2012). A total of 30 patients, 21 males and 9 females, were recruited into the observation group, and ranged between 38 and 75 years of age (mean = 68.27 ± 8.32 years). According to the apnea hypopnea index (AHI), the patients were further subdivided into the mild (AHI 5-15 times / h, 10 cases), the moderate (AHI 16-30 times/h, 11 cases), and the severe subgroups (AHI 31 times/h, 9cases). We also enrolled 20 normal individuals, including 14 males and 6 females, into the control group. These individuals showed normal polysomnography (AHI < 5 times /h), and were between 41 and 71 years of age (mean = 56.30 ± 8.52 years). Patients with clear infectious diseases, chronic diseases, immune diseases, hypertension, diabetes, thyroid diseases, and hospitalization records four weeks prior to study onset were excluded.
Methods
Sleep apnea monitoring
Sleep apnea was monitored using the YH-2000A polysomnographic monitor, which was provided by the Beijing YIHEJIAYE Technology Research Center. Sleep in study subjects was continuously monitored for 7 h overnight; electrocephalogram (EEG), electromyography (EMG) of the eye, electrocardiogram (ECG), nasal airflow pressure, posture, pulse oximetry, snoring, and leg movements were recorded. During the day of sleep monitoring, tea, coffee, liqueur, and sedative, hypnotic drugs were prohibited.
Serum CRP detection
Fasting venous blood (5 mL) was collected between 7:00 -8:00 a.m. after polysomnographic monitoring, and was stored at -20°C. Serum CRP was quantified via latex turbidimetric immunoassay using the C-reactive protein detection kit (Spanish Biosystems S.A. Company) and the DXC800 automatic biochemical analyzer (USA).
Statistical methods
Data were analyzed with the SPSS13.0 statistical software. CRP values are reported as means ± SE, and comparisons between groups were performed using the Student t-test. Count data are repored as the number of cases (N); comparison of rate (%) was calculated using the χ 2 test; P < 0.05 was considered to be statistically significant.
RESULTS
Serum CRP (5.33 ± 2.11 mg/L) in the OSAS group was found to be significantly higher as compared with the control group (2.35 ± 0.90 mg/L) (P < 0.01, Figure 1 ). There were no significant differences in age, body weight, heart rate, mean arterial pressure and BMI between the two groups (Table 1 ). 
Plasma CRP comparison among the mild, moderate and severe OSA subgroups
Results from ANOVA analysis showed that serum CRP levels in the three subgroups differ (F = 3.93, P = 0.03). Paired comparison indicated that no statistical difference between the mild and the moderate OSA subgroups (P = 0.140), or the moderate and severe subgroups (P = 0.178). However, CRP levels were significantly different between the mild group and severe OSA subgroup (P = 0.009).
DISCUSSION
C-reactive protein is an annular, pentameric protein found in the blood plasma, and is a nonspecific marker of inflammation. It is synthesized by the liver, and is regulated by interleukin-6 (IL-6) as well as other cytokines. Generally, plasma C-reactive protein level remains relatively stable, and is a reflection of the inflammatory state of the body over the past 24 h. Epidemiological studies have shown that elevated C-reactive protein level is a strong predictor of cardiovascular diseases in the healthy population (Meier-Ewert et al., 2001) . Several large trials have also demonstrated that elevated level of C-reactive protein is an independent risk factor of acute myocardial infarction, stroke, and peripheral vascular diseases . Existing evidence suggests that atherosclerosis represents a chronic inflammatory process, and a high concentration of C-reactive protein has been found in atherosclerotic lesions (Danesh et al., 2000) . C-reactive protein is not only a prognostic indicator of cardiovascular diseases, but also plays a role in the development of atherosclerosis and endothelial dysfunctions. OSA manifestations include apnea-associated snoring during sleep and daytime sleepiness. Apnea can cause repeated episodes of nocturnal hypoxemia and hypercapnia, leading to complications such as hypertension, coronary heart disease, diabetes, cerebrovascular diseases, and even sudden death at night. Therefore, OSA is a potentially fatal sleep-respiratory disease.
At present, the relationship between CRP levels and OSA remains controversial. In this study, we found that CRP levels in the OSA patients were significantly higher as compared with that in normal individuals. Furthermore, significant differences in CRP levels were detected between mild and severe OSA patients, similar to findings by Roche et al. (2009) . Previous studies have also found that plasma CRP and IL-6 levels were elevated in patients with OSA. With continuous positive airway pressure ventilation, OSA symptoms were improved with decreased CRP and IL-6 levels, suggesting that CRP levels may be associated with OSA severity. However, Guilleminault et al. (2004) found that CRP was not associated with severity of OSA, and Kaditis et al. (2005) stated that CRP levels in children were independent of OSA.
Currently, it is believed that the mechanisms underlying OSA-induced elevation in CRP levels include repeated hypoxic stress and sleep deprivation. These factors can lead to release of cytokines and activation of neutrophils, monocytes, as well as other inflammatory cells. The morbidity and mortality rates of atherosclerosis and cardiovascular diseases are also elevated in OSA patients (Lui et al., 2009 ). The mechanisms underlying such associations may be due to repeated hypoxia and systemic inflammation, which can induce increased sympathetic activity and endothelial dysfunction. In summary, OSA patients have greater incidences of cardiovascular disease related mortality. However, the association between OSA and obesity, insulin resistance, age, alcohol intake, or smoking is still unknown. Related studies have shown that CRP plays a prognostic role in the occurrence of cardiovascular disease in the healthy population. The detection of CRP levels will allow timely treatments of OSA to be administered. In addition, investigation of CRP levels will further enable us to determine whether OSA is associated with conditions such as cardiovascular diseases, cerebrovascular disease, and diabetes.
